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C22, or more narrouly C^^^ to C2Q, aliphatic acids, to 

obtain cellulose esters exhibiting a degree of sul)stitution 
of about 0.05 or less, preferably about 0.01 or less. 'Ihe 
suiface-modified cellulose is used as a low-calorie 
carbohydrate replacement in edible compositions having 
a carbohydrate component. Baked food products such as 
cookies employ the low-calorie ingredient in place of a 
starch ingredient in some preferred embodiments. In 
some of these embodiments, cookies formulated with 
surface-modified cellulose further contain a spreading 
ingiedicnt such as polydcxtrosc; in these, the cellulose 
esters help to control the spread as well as provide calorie 
reduction. Tn these and other embodiments, the food 
products can al.so contain reduced fat or a low calorie fat 
substitute and/or an artificial sweetener to provide 
fuitlier calorie reduction. 
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(57) Abstraet 

Cellulose is surface-inodUied by coating and/or acylation widi Ci to C24. in same cases primarily C6 to C22, or more narrowly Cw 
to Qo. aliphanc acids, to oblam cellulose esten exhibiting a degree of substitutiai of about 0.05 or less, preferably about 0.01 or lessf TTw 
^^^T^^^ ?^ ^ " "ow-calorie carbohydrate replacement in edible compositions having a carb<*ydrale component 

Balccd food producte such as cookies employ (he lownraloric ingredient in place of a staich ingredient in sane piefwied embodiments. In 
sorne of embodiments, cookies formulated with surface-modified cellulose further contain a 8]»eadmg ingredient such as polydcrtrose: 
in ftese. the cellulose esten help to control the spread as well as provide calorie leduction. In these and other embodimente. the faS 
products can also conlam reduced fat or a low calorie fat substitute and/or an artificial sweetener to provide ftirther cait^e leductiwu 
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SURFACE-MODIFIED CELLULOSE 
AS LOW CALORIE FLOUR REPLACEMENTS 



DESCRIPTION 

Technical Field 

This invention relates to cellulose surface-modified witli fatty acids that are 
usefiil as full or panial flour or starch replacements in food products. 

Weight reduction and maintenance of a desirable weight are concerns of many 
people in contemporary society. There is an increasing interest in low calorie food 
products. Many such foods have been formulated to provide calorie reduction by 
substiniting artificial sweeteners for sucrose and/or fat mimetics for the fat compo- 
nem. or reducing the fet content. Since carbohydrates, especially starches, an; a 
significant component of many baked goods and other foods, it would also be advanta- 
geous to produce a low calorie starch replacement that would have all the fiinctional 
qualities of starch but not Its caloric value. Such an ingredient could then be era- 
ployed in cookies, sweet rolls, doughnuts, crackers, pastries, breads, and the like, 
which are favorites in the diets of those who often struggle to maintain or reduce their 
present weight. 

CeUulose is a ubiquitous fiber found in all plant sources, including algae, 
bacteria, and fungi. Cellulose is a polysaccharide composed of 1.4-linked glucose 
units that are negUgibly digestible. Because of this, it would appear that ceUulose 
should be a good low calorie replacement for starch, but attempts to use it as an 
ingredient in food products have been less than successful. Various forms of purified 
plant cellulose, such as crystalline a-cellulose sold under the tradename Solka-FIoC® 
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and microciystalline cellulose sold under the tradename Avicel® have been employed 
as partial Hour substitutes. (See, for example. U.S. Pat. No. 3.023,104 to Battista 
and Eur. Pat. Ap. Pub. No. 86,527 to Robbins and Rodriguez.) When used at levels 
of 20% or more to produce a significant calorie reduction, products employing these 
substitutes have an objectionable texnire and exhibit a chalky or gritty, fibrous, and 
unpalatable mouthfeel when consumed. These effects are observed even when the 
particle size of the cellulosic material is reduced. 

Despite its plediora of hydroxyl groups, cellulose is intrinsically insoluble in 
water. This feature is ascribed to the cooperative cohesion of its chain segments in its 
crystalline domains. It is generally accepted tiiai cellulose is composed of a stable 
two-phase strucmre of crystalline and non-crystalline domains. Though water- 
insoluble, it absorbs two to seven times its weight in water, a characteristic that does 
not render cellulose a desirable low calorie food ingredient for baked goods since 
15 considerable energy must be expended to remove the water, and baking pix)blenis are 
created. The water insolubility also creates difficulties in forming dispersions in some 
food formulations. 



20 Background of the Invention 



Cellulose has been modified in several ways. Cellulose acetates and ace- 
tate^utyrates have been well known for years and have found use as adhesives in 
packaging, as filters for blood, food, and water purification systems, and as compo- 
nents of synthetic fabrics such as rayon. These derivatives have a high degree of 
substimtion(DS).i...,DS = 2 to 3. with3 t^esenting fall acylaiionof non-ienninal 
glucose units. Some commercially available cellulose acetates are approximately 50% 
or more by weight acetate. (See, for example, the description and specification for 
several commercially available products in Eastman's "Cellulose Esters", 1995, pp. i- 
9 and 16.) The acetates are considered GRAS (GeneraUy Recognized as Saffe) 
materials and are approved for contact wid» food such as packaging materials (see 
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Federai Register. 44, No. 38. 10751.10758. 1979). In subchronic oral toxicity studies 
in rats, administration of cellulose acetate at dosage levels of 0 to 5000 mg/kg, no 
adverse effects have been obser\'ed (Thomas, W.C., et al,. Fd. Chem. Toxic., 1991, 
29: 453-458). 

Celhilose mixed esters have also been previously described. These deriva- 
tives, when acylated with a mixtore of shorter acetyl and/or butyryi groups and longer 
groups, are typicaUy prepared by the reaction of cellulose acetate and/or butyrate with 
fttty acid anhydrides or chlorides or direa reaction of cotton, which is 90% cellulose, 
or oUier cellulosic material with fatty acids. These derivatives have been disclosed as 
usefiil in filni formation and textile treatment. See. for example, U.S. Pat. No. 
1.990,483 to Graves. U.S. Pat. No. 2.400.494 to Fisher, and U.S. Pat. No. 
2.611.767 to Allen and Hawkes. 



15 Acylauon of cellulose hydroxyl groups with higher fatty acids has also been 

reponed. Cellulose was rendered more soluble in water by esierifying with two 
laurate (Cu), palmitate (C,6) or siearate (Cg) groups per glucose unit (Gault. H., and 
Ehrmann. P.. Compt. rend., 1923 . 777: 124-127). The physical properties of 
cellulose triesters of homologous C, to C,, fatty acids were published in 1935 by 
20 Sheppard and Newsome (J. Phys. Qtem. iP: 143-152). The research, however, did 
not then result in the marketing of a commercial product, but some of the findings 
relating to the acylation of cellulose were applied to the modification of cotton to 
provide dry and wet crease recovery, improved viscoelastic properties such as 
elongation at break, and the like (see. for example. U.S. Pat. No. 3.493.319 to Bemi 
and McKelvey). Essentially folly substinited fatty acid cellulose esters have recently 
been suggested as potential biodegradable plastics (Kwatra. H.S., et al.. Ind. Eng. 
Chem. Res., 1992, 31: 2647-2651). Most of the published syntheses of higher esters 
employed processes using reactants, solvents and/or catalysts not desirable for food 
use products, and, where the reaction products were characterized, they were highly 
30 substituted. 
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Various coatings and hydrolysis techniques have lieen disclosed as alternatives 
to the chemical substimtion of ceUulose to modify its propenies for various uses, 
including incorporation Into edible compositions. In U.S. Pat No, 4,219,580 to 
Torres, for example, microcrystalline ceUulose or an acld-treaied starch derivative are 
5 processed with xamhan gum and a food grade eraulsifier such as lecithin to provide a 
flour substitute. In die patent's examples, the coated product is employed in cake and 
cookie recipes. SimUarly, Krawczyk, et al., suggested coprocessing particulate 
cellulose with a surfectant to form a composite that could be used as a bulking agent 
or fimaional formulary aid in chocolate confections (U.S. Pat. No. 5,505,982). 
CeUulose coatings that are physically sorbed, however, have a tendency to clump, and 
are difficult to disperse in some recipes. U.S. Pat. No. 5,445.678 to Whistler avoided 
this disadvantage by disclosing a granular starch that was partially bydroiyzed using 
acid or amylase and/or mechanically disintegrated to form a granular starch-derived 
microcrystalline starch composition, but it was so hydrolyzed that it was suggested for 
15 use as a fat substitute, not a flour substinite, in reduced calorie foods. 

It would be desirable to have other methods of altering nondigesUble ceUulose. 
It would also be desirable to have other low calorie flour substimtes. 



10 



20 



25 



30 



Disclosure of the Invention 

An object of the present invention is to provide a method for die surface- 
modification of ceUulose, and compositions uulizing surfece-modifjed ceUulose. 

It is anodier object of the invention to provide a hydiophobic sheath to 
cellulose to provide a powdered product useful in different foodstuffs, particularly 
baked goods, that functions like a flour and exhibits a desirable texture when used in a 
conventional recipe that caUs for flour or other starch ingredient. 
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It is a fijrther and more specific object of the invention to provide an essen- 
tially calorie-free starch replacement for edible compositions, particularly baked goods 
such as cookies. 

These and other objects are accomplished by the present invention, which 
provides edible surface-modified cellulose compositions containing cellulose and from 
1 to 10% C2 to C24. in some embodiments primarily or C, to Ca, or more narrowly 
C16 to Cm. aliphatic acids. In one embodiment, at least about 50% of the ceUulose is 
acylated with the acid such that it exhibits a degree of substhution of about 0.05 or 
less, preferably 0.01 or less. The invention correspondingly provides edible products 
having a carbohydrate component containing the surface-modified cellulose in at least 
partial replacement of the carbohydrate, panicularly baked products such as cookies. 
In some etnbodimems, cookies containing surfece-modified cellulose of the invention 
further contain a spreading ingredient; in these and other embodiments, the cookies 
15 can also contain an artificial sweetener, and reduced fat or a low calorie fat substitute 
to provide furthw calorie reduction. 
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The invention also provides methods of reducing calories in food products 
having a carbohydrate component by using the ceUuIose esters of the invention in fiill 
or partial replacement of the carbohydrate component. In preferred embodiments, a 
starch calorie reduction of at least 25% is achieved. 
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Best Modes for Carrying Out the Invention 

This invention is based upon the finding diat when aliphatic acWs are used to 
surfece coat and in some cases lightly-derivatize the surface of cellulose (i.e., so that 
the resulting cellulose ester exhibits a low degree of substitudon. Nvith DS preferably 
less than 0.01). hydrophobic materials are produced that function well as flour 
replacers in cookies and other food products, and exhibit a number of other desirable 
characteristics. 
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In the practice of the invention, cellulose is surface coated and/or acyUied with 
up to about 10% C: to C14 aliphatic acids to form cellulose esters having a degree of 
substituUon (DS) of about 0.05 or less, preferably 0.03 or less, and even more 
5 preferably 0.01 or less. It is significant that the acylation of the ceUulose is believed 
to be a surface phenomenon only. Acylation of the surface to a degree of substimtion 
of 0.001 or more will prevent the solvent removal of the acid. It is therefor believed to 
be chemically bound to the surface. Since fully acylated cellulose esters exhibit a DS 
of 3. derivatized cellulose described herein is also caUed "lighUy derivatized" or 

10 'surface-modified" ceUulose because most of the pendant ester groups are located on 
the exterior of the molecule. While not wishing to be bound to any theory, it is 
believed that this location and arrangement of feity pendant groups contributes to the 
advantageous properties observed in the starch replacement of the invention. In 
certain of the embodiments, at least about 50%, preferably at least about 75%, of the 

15 cellulose is lightly derivatized and exhibits a DS of about O.OI or less (Le., about 1 % 
or less by weight). 

Any alkyl. alkenyl. or alkynyl aliphaUc acid may be employed as a pendant 
group in the acylated. surface-modified cellulose of the invention. Where the term 
•cellulose acylated with aliphatic acids" is employed, by that is meant that the 
aliphatic acid groups are attached to ceUulose hydroxyl groups by means of ester 
linkages, forming cellulose esters. C, to aliphatic acids useful in die invention 
include, but are not timited to. acetic acid, propionic acid, butyric acid, caproic acid, 
caprylic acid, pelargonic acid, capric acid, lauric acid, myristic acid, pahnitic acid. 
25 pafanitoleic acid, stearic acid, oleic acid, elaidic acid. Hnoleic acid, linolenic acid, 
eleostearic acid, arachidonic acid, nervonic acid, behenic acid, lignoceric acid, and 
mixmres thereof. As used herein, chemical names include isomeric variations: for 
example, "butyric acid" includes normal-butyric and/or isobuiyric acid, and so forth. 
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In many embodiments, the acids are mixmres derived from non-hydrogenated. 
partially hydrogenated. or fiilly hydrogenated feedstock oils, fets or waxes; 
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hydrogenaied oils are preferred in some embodiments. Feedstock oils useful in 
preparing surftce-modified cellulose of the invention include, but arc not limited to, 
soybean, safflowcr. sunflower, high oleic sunflower, canola. sesame, com. peanut, 
olive, rice bran, babassu nut. palm, mustard seed, cottonseed, poppyseed, high erucic 
5 rapeseed. shea, marine, meadowfoam, and the like oUs. and mixmres thereof. 
Aliphatic acids derived from processed or unprocessed tallow. lard, shea butter, dairy 
butter, or plant waxes such as jojoba may also be used. Specific fractions of 
processed or unprocessed oiU, fats, or waxes may be used, and/or mixed with any oil. 
fat. or wax. and are advantageous in some embodimems. 



Many preferred embodiments employ primarily, i.e., at least about 75% . Q to 
Cn aliphatic acids. In one embodimem, at least about 60%. preferably at least about 
75%. and in many cases at least about 90% of the aliphatic acids are C,* to C» acids. 
Preferred feedstocks for these embodimems are soybean oil. canola. high oleic 

15 sunflower oil. and mixtures thereof. In many preferred embodiments the fetiy adds 
are samrated to prevent peroxidation. In this regard, stearic acid is particularly usefW. 
It is high melting, abundant and fomis an effective coating for the preferred utilities of 
the mvention. In oUier embodiments illustrated hereafter, feedstocks having the C„ 
componem containing a significant amount of oleic acid, i.e., from about 10% to 

20 90%. more narrowly firom about 20% to 80%. by weight oleic acid are employed. 

Surfece-modified cellulose of the invention may be prepared using coating and 
synthetic procedures known to those skilled in the an. such as, for example, coating in 
a turbulent coraaa device, directly esterifying cellulose or cellulose esters with 
aliphatic acids, aliphatic acid halkles, or aliphatic acid anhydrides, or trans- or 
iiueresterifying cellulose esters for such time under such conditions tiiat lightiy- 
derivatized cellulose is formed. Prefeired processes for food products involve the 
direct surface coating and/or esterification of cellulose with aUphatic acids so tiiat 
unwarned reactants. byproducts and/or solvents are not present, requiring removal for 
use of the produa in a foodsmff. Though, as is appreciated by die skilled worker, die 
aspect ratio of various celhilose preparations varies, prefeired cellulose substrates for 
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the esterification reaction are micro-crystalline and exhibit a particle size of from about 1 
to about 400 ji, more narrowly from about 10 to about 200 ^, preferably less than about 
20 |i. In many preferred embodiments, excess acid recovered from a typical reaction 
may be recycled for anotfier synthesis. 

5 

In one embodiment of a cellulose surface-modification reaction, for exan^le, 
micro-crystalline cellulose is simply mixed with aliphatic acid(s) and heated to about 80* 
to about 120*»C, e.g., at about lOO^'C, and hi sotic embodhnents more narrowly from 
about 120* to 195*C, e.g., at about 185*C, and agitated for a period of 25>proxnnaiely ten 

10 to thhty mmutes at atmospheric pressure. Oflier means of mtroducmg energy to the 
reaction known to skilled workers can also be enq)loyed, nicludmg ultra sound* 
microwave radiation, and mixtures of these with each other and with heat. The mixnire 
may then be filtered to remove unreacted acid. The product can be washed, e.g., with 
50% cthanol-water, to remove excess or unreacted acid, and air-dried overnight. Nearly 

15 all of the cellulose esters of the invention are found to float on water. 

In anoflier embodiment, powdered cellulose and stearic acid, in a 20: 1 weight ratio, 
are blended together in a high capacity TurbuUzeiOmbcer at 190*C operating at about 4000 
rpm. The mixture is transferred diiecdy to an efficient dryer that agitates and dries the 

20 blended ingrediMit at 185*C over a period of 5 to 30 minutes, after which the material is 
quickly cooled to room temperature and transfenred to a collection device. The resulting 
off-white, dry powder is ready for use such as in baking. For powdered cellulose and 
camauba wax. in a 50:1 weight ratio, the blend temperature in a high capacity 
Turbulizer® mixer can be lOO^C at the same 4000ipm. The effluent powder, at about 

25 80X, can be further cooled via a cyclone or in a baghouse to about 60-70**C. 

Heat is effective to melt a solid acid such as stearic acid, and strong blending coats 
the melted arid onto the surface of the powdered cellulose. Any high speed shear mixer for 
coating can be employed according to this aspect of invention, such as, for example, a 
30 Turbulizer® or Solidaire® mixer. Solvents are not required, but are employed in some 
embodiments. If employed, solvents may be removed during and/or after the coating 
process. Should the coated cellulose clump or agglomerate, it may be ground or milled 
prior to use in a food composition using conventional means. 
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e.g,, by use of a Pulvocron®, Disintegrator®, Jet® mill, or the like to provide a 
powdered, flour-like final produa. 

In the i^acdce of the invention, surface-modified cellulose of the invention is 
5 employed to replace all or part of the starch conqx)nent of any edible conqposidon, 
particularly food products, which have a carbohydrate component, inchiding all- 
purpose or unbleac±ied wheat flour, rye, potato, rice or other cereal flours, and 
starches such as cornstarch, oats, nut meals, and mixtures diereof. Derivatized or 
coated celhdose of the invention can be employed as the full or partial starch 
10 replacement for all types of leavened baked products, both yeast-raised and chemically 
leavened, and unleavened baked products, and as coatings or coating ingredients for 
the same types of products. Derivatized or coated cellulose of the invention are also 
useful in snack food products^ cereal products, and products containing starch as a 
thickener. 

15 

Representative of starch-containing food products which can contain, in 
addiuon to other food ingredients, surface-modified cellulose of the invention in full 
or partial replacement of the starch component are pancakes, waffles, croissants, 
doughnuts, breakfast cereal, pasta, pet foods, frozen novelties, dairy products, meat 
20 products, egg products and substitutes, nut products, candies, puddings and pies, 
liquid and dried coffee tighteners, gravies, and bakery products, e.g,, cookies, cakes, 
breads, rolls, pastries, biscuits, savory crackers, and pizza, and mixes and premixes 
for any of these. Cellulose esters of the invention are particularly efficacious in food 
products having a significant starch component. 

25 

Modified cellulose of the invention is especiaUy useful as a starch replacement 
in bakery goods such as in cookie and cake recipes. By the term "cookie" is meant 
any of a variety of small cakes, usually flat or slightly raised, that are prepared by 
rolling and cutting, dropping, or shaping dough and then baking it, or by cutting 
30 dough into pieces after bakmg. A cake is any baked product made from a sweetened 
dough or batter, includit^ conventional types containing flour and other ingredients. 
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leavened with yeast, baking powder, or beaten egg whites, and, optionally, iced. Both 
calces and cookies typically contain flour, water, sugar, and shonening in reasonable 
proportions, and can have the flour or other starch component reduced by using the 
modified cellulose of the mvention. 



ft is an advantage of the invention that modified ceUulose is essentially non- 
digesUble. delivering less than 0.5 kcal/gram. In preferred embodiments, it is used in 
carbohydrate-containing food products in amounts sufficiem to produce at least about 
a 25% reduction in calories from the carbohydrate component. Thus, in recipes, it is 
typically used to replace from about 25% to 100% of the carbohydrate component. In 
some embodiments, at least about 25% to about 50% of the carbohydrate componait 
is replaced by cellulose esters of the invention. 



The low calorie carbohydrate ingrediem of the invention can be employed with 
15 other low calorie ingredients such as artifical sweeteners and/or fat substhutes to 
further reduce the overall caloric contem of food products such as cookies. Cellulose 
esters of the invention, for example, can be employed in composWons with natural or 
artificial sweeteners, or mixnires thereof. Natural sweeteners include, but are not 
limited to. sugar (sucrose), glucose, fructose, and maltose. Artificial sweeteners 
include, but are not limned to. I-aspart>|-l-phcnylalanine methyl ester (commercially 
available as aspartame or Nutri-Sweet®). saccharine, cyclamate, the potassium salt of 
6-mediyI-3.4-<lihydro-1.2,3-oxadiiazin-4-onc-2,2-dioxide (commercially avaUable as 
acesulfame-K*). or a mixture of these. 



20 
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30 



If an artificial sweetener is used, it is generally present in much smaller 
amounts due to the higher sweetening potency and intensity of most artificial sweeten- 
ers (which can be up to 50.000 tunes as sweet as sugar). In this case, at least 10% by 
weight of a bulkmg agent is typically included in inventive composition in order to 
insure that the texture, form and other characteristics of a conventional food product 
are maintained. Typical bulking agents which are suitable for use in these instances 
should advantageously contribute no or little taste to die produa and are prefiaably 
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carbohydrates, most preferably at least partially if not wholly nondigestible. Exem- 
plary of such bulking agents are polydextrose, isoniait (connnercially avaUalbe as 
Palaimii®). isomalnilose (connnercially available as Palatinose®). polyglucose, 
polymaltose. carboxyraethyl-cellulose. microcrysialline cellulose, ceUulose gel, 
arabinogalactan. fruaooligosaccharide (available as Nutraflora* and RaftUose P95®), 
galactooligosaccharide. glucooligosaccharide, 4-0-(p-galactosyl)-D-sorbitol (available 
as LacUtol®), polyethylene glycol, and D-mannitol. as well as mixnires or combina- 
tions of any of these. 

Where cellulose esters are employed as a starch replacement in recipes 
containing an artificial sweetener and a bulking agent or other spreadmg ingredient, it 
is an advantage of the invention that cookie spread is reduced by use of the esters. By 
"cookie spread" is meant the horizontal movement in the cookie dough mass as it is 
subjected to oven baking conditions. By "stack height" is meant the vertical move- 
ment of the cookie dough mass during baking. Spreading ingredients include, but are 
not limited to, shredded coconut, coarse oats, oatmeal without fines, and bulking 
agents such as polydexuose. One preferred cookie embodiment comauis surfece- 
modified cellulose, an artificial sweetener, and polydextrose. 

20 Polyunsaturated iats also induce spread in baked pnxlucts. It is therefore 

anotiier advantage of the invention that where namral triglycerides rich in highly 
desirable or essential tatty acids such as oleic, iinoleic. linolenic, or eicosapemaenoic 
acid, or triglycerides bearing fatty acids having beneficial attributes such as those 
associated widi conjugated Iinoleic acid isomers, are employed in die fiit component of 
a baked composition containing modified cellulose in die carbohydrate componem, 
spread can be controlled. Thus, another preferred cookie embodiment contains 
surfece-modified cellulose in die cariwhydrate component and a polyunsaturated 
sborttning in the fat component. 



15 



25 



30 



It is another advantage tiiat cellulose esters of the invention not only exhibft 
substantiaUy no catories, but also have the proper texture for use as a flour. WhUe not 
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wishing to be bound to any tlieory. it appears that the coating or chemisorption of 
aUphatic acids on the surface of the cellulose provides it with a hydrophobic sheath 
that makes it especially advantageous for baking purposes. Surface-modified cellulose 
is powdered, and does not form the clumps often observed when cellulose or 
5 physicaUy coated ceUulose derivatives are employed as starch replacements in food 
formulations. 



10 



IS 



25 



Modified cellulose can not only be employed in recipes containing foil calorie 
shortenings or odier fets or oUs, but, as mentioned above, it can also be used In 
reduced fat recipes, and in recipes containing fat substimtes. Fat substitutes include 
any heretofore suggested, including, but not limited to. triglycerides bearing short and 
long pendam groups, sugar esters, neoalkyl esters, polyglycerol esters, malonate 
esters, propoxylated glycerols, retrofets. carboxy/carboxylates, polyvinyl alcohol 
esters, and the like. 



As illustrated hereafter, for typical cookies, the dough is formulated by 
combining the starch component and mixing it into a creamed shortening component 
for a period of time sufficient to provide a uniform blend, and dien optional flavorings 
and/or paniculaies may be added. Sufficient aqueous components may, optionally. 
20 also be added under conditions effective to provkle die consistency typically desired 
for shaping and formmg conventional doughs, e.g., sufficient to make a dough that 
has a viscosity appropriate for fonher processing by dropping, sheeting and/or 
cutting. On completion of the dough preparation, die dough is typically pressed into 
baking pans, or fed to equipmem wherein it is divided into suitably sized portions 
and/or sheeted to the size required using rotary moldtag or wire cut cookie equipment, 
and deposited on baking pans. Baking pans are typfcally metal, but can also be 
ccfamic, glass, paper, and/or plastic. 



It has been found that changmg die order of ingrediem addition can be used m 
die practice of some embodiments of die invention to control Uie geometry of cookies 
containing modified ceUulose. For example, in some embodiments, modified 
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cellulose is firsc mixed with the shortening ingredient, and then the admixture is 
blended with the other dry ingredients, aqueous ingredients, flavorings, and/or 
particulates. 



5 



10 



Examples 

The following examples are presented to fimher illustrate and explain die 
present invenuon and should not be taken as limiting in any regard. Unless otherwise 
indicated, all parts and percentages are by weight, and are based on die weight at die 
panioilar stage of the processing being described. 



15 



20 



25 



30 



Example 1 

This example illustrates the preparation, characterizaion and properties of 
some cellulose esters of die invention. 

Materials. Powdered cellulose (approximately 6 to 300 ^rni particle size) and 
cellulose acetate butyrate (MW = 52.000) were obtained from Aldrich Chemical Co. 
(MUwaukee. WI), and Solka-Floc* 200 (a powdered cellulose) was obtained from die 
Fiber Sales and Development Corporation (Green Brook, NJ). Micro-crystalline 
cellulose, Avicel® PH-105, was obtained from die FMC Corporation (Philadelphia, 
PA). Bromine, carbon tetrachloride, propyl acetate, acetyl chloride, butyiyl chloride, 
pahnitoyl chloride, and stearoyl chloride were also obuuned from Aldrich and used as 
received. Efliyl acetate and acetone were obtained from EM Science (Gibbstown. 
NJ). Olcoyl chloride (70% technical grade) was obtained from Aldrich and distilled 
prior to use. 

Preparation of Cellulose Esters. In a typical procedure for preparing cellulose 
esters of light derivatizadon. 30 g of cellulose powder are mixed, magnetically stirred. 
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and heated at 140»C with 160 g of oleic acid in a Miter round bottom flask for five 
hours, after which the mixture was filtered to remove unreacted oleic acid. The 
produo is washed with 50% ethanol-water and air-dried overnight. Alternately, 
0,015 mole of an acid chloride is dissolved in 100 mL of propyl acetate followed by 
5 the addition of 20 g of cellulose powder. After stirring for two hours the white 
powder is filtered via suction through a Buchner fiinnel and is thoroughly washed with 
acetone and air-dried to yield an odorless white powder. Acetone and ediyl acetate 
were foual to be acceptable solvents for this reaaion as well. 

10 Preparation of 9. 10-Dibromosiearoyl ailoride. 15.0 grams of distilled oleoyi 

chloride (0.05 mole) in 75 mL carbon tetrachloride was treated with 9.6 g bromine 
(0.06 mole) in 40 mL carbon tetrachloride and magnetically slined for 2.5 hours. 
The solvent and unreacted bromine was removed via rotary evaporation. Powdered 
cellulose (BH-300) was obtained from the International FUler Corporation (Atlanta, 

15 GA) Proton NMR analysis indicated a quantitative conversion of the oleoyi chloride to 
9,10-dibromostearoyI chloride (approximately 30% of this existed as the add 
bromide). 



20 



Analytical Methods and Physical hdeasuremems. Infi^red aia\vf ^ of the 
cellulose derivatives were obtained on a Perkin-Ehner Sysom 2000 FTIR with a 
multiple internal reflectance (MIR) accessory. Halogen analyses (Juaniitative 
analysis of bromine was achieved by the method of inductively-coupled plasma (ICP) 
analysis using a Perkm-Etaier Optima 3000 instrumem. HvdroDhohidtv The 
celhdose esters were crudely tested for hydrophobicity prior to bakmg by adding 
approxnnately 0. 1 g of the material to a test mbe containing 5 mL water. Hydropho- 
bic derivatives " fioated" , while those that were not hydrophobic immediately diffiised 
through the water and evenniaUy setded. Differenrial .Scan nmg Calnrimerrv The 
melting diaracteristics of die cellulose sanqiles were obtained on a Seiko Model SSC- 
5200 (DSC 220C). 3gparm tff?hnjqMqr- An easy and tpiantiiative separation of the 
30 ceUulose esters from untreated cellulose was demonstrated by adding a 1 gram mixture 
of equal parts ceUulose and cellulose oleate to 50 mL water in a separatory fiinnel. 



25 
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The cellulose oleate Hoated, while the untreated cellulose eventually setUed. This was 
drawn off. leaving the more hydrophobic cellulose ester behind. Drying and weighing 
both ponions of the powders yielded good recovery of the materials. Dynamic 
Q?Ptag^ APgl(i . The angle of contact a drop of water makes with the surface of 
5 compressed cellulose or ceUulose ester was determined by First Ten Angstroms 
(Portsmouth. VA). This procedure examines the surface tension of a substance and 
can be used as a measure of the hydrophobiciiy of a substance. Surface area 
mWfflrsnwmt - This measuremem was obtained by the Quantachrome Coiporation 
(Fairfield. NJ). 

10 

Determination of Derivatization. Cellulose was first shown to be derivaiized, 
creaung a hydrophobic material, with the observation that when the product of die 
coupling reaction between an acid chloride and cellulose was added to a test nibe 
containing 5 mL water, the product floated on the surface of the water. This was 
15 quite unlike the original powdered cellulose, which diffused through the water and 
evennially settled. This simple "test tube test" was then used as a conveniem and 
regular diagnostic indicator of cellulose derivatization for preparations mvolving the 
direct reaction between cellulose and fatty acids. 



20 



25 



30 



CoQventional infrared analysis using potassium bromide (KBr) peUets proved 
unsatisfactory in elucidating a covalent bond between ceUuIose and the aliphatic acid 
because the material was so lighUy derivadzed Uiat virtually all the IR radiation passed 
right through tht sample, and the instrument could not detect the pendant groups. 
However, because of its high sensitivity and its designed ability to examme the surface 
of materials, multiple internal reflectance Fourier transform mfrared (MK) analysis 
proved very useful for the determinaiion of the degree of substitution of die fatty acid 
on the carbohydrate and to ascertain wheUier the acid was linked covalently to die 
polysaccharide or whether die phenomenon was the result of a surface coating of fatty 
acid on die cellulose. This technique was used to obtain Adifference® speara for 
ceUulose and hs derivative esters and showed a carbonyl stretching absorption at a 
frequency of 1722 cm '. a frequency typical of aliphatic esters. Unesterified aliphatic 
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adds have a carbonyl stretching absorption near 1760cm ', while acid chlorides have a 
corresponding absorption at I815-1785cm '. Thus, these two forms of oleic acid 
could be ruled out. 



5 Because these cellulose derivatives are insoluble in nearly all organic solvents, 

and because the degree of substitution was very low (the solubility of the aforemen- 
tioned cellulose esters with a high DS are sohible in common organic solvents), 
nuclear magnetic resonance would not suffice to determine the DS. To achieve the 
determination, it was necessary to conven the cellulose ester into a species that could 

10 be analyzed by a highly sensitive technique, inductively coupled plasma (ICP). Thus, 
oleoyi chloride was brominated in carbon tetrachloride to form dibromostearoyi 
chloride that was reacted with cellulose, forming a dibromo derivative Uiat could now 
be analyzed quantitatively by the ICP procedure. With this technique it was found 
Uiat bromine represented approximately 0.5% of the weight of the derivative. Since 

15 bromine accounts for about one-third of the mass of dibromostearic acid, the amoum 
of aliphatic acid in the ceUulose ester is, therefore, about 1%. F6r a fiiUy esterified 
ceUulose ester, for which DS » 3, the oleic acid contributes 82% of the mass as 
shown in the following calculation: 
For DS = 3. 

20 Mass oleic acid/(Mass anhydrogIacose-»-Mass oleic acid) = 846/(846-f 162) = 0.84 
Another way to write this is, 

3 x 282/(3 x 282) + 162 = 0.84 or DS x 282 / DS x 282 + 162 = 0.84 
Rearrangement and sinqjlification of the equation yields, 
DS = 162 x WT%FA / [100 x MWf^ - (MWp=a x WT%fa)J 
25 which, in case of 1 % oleic acid by weight for a cellulose oleate, the DS = 0.0058. 

The moles of oleate ester per gram of cellulose is fwind to be 3,44 x 10"'. For 
commercially available cellulose acetates die DS = 2.5 (weight % = 48) and the 
moles of ester per gram of cellulose is 8.01 x l(y\ leading to a mole ratio of approxi- 
JO roateiy 234:1. comparing the acetate with the oleate. This highUghts the very low 
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levd of derivaiizaiion necessary to achieve a remarkable effects on baking described 
in the Examples that follow. 

Separation of Surface-Modified Cellulose from Cellulose. As an aid to 
determining the amount of a cellulose derivative in a product, such as a cookie, a 1 g 
homogeneous mixmre of equal parts cellulose and cellulose oleaie was added to a 
separatory funnel containing 50 mL water. This was thoroughly shaken, and it was 
observed that a ponion of the white mixture cvemuaUy settled, while another portioo 
remained floating on the water. The portion that settled was drawn off, fUtered. air- 
dried, and weighed. The "floating" portion was rinsed from the fumtel and treated 
die same way Weights for each ponion were comparable and showed good recovery 
(see Table 1). suggesting that this procedure may provide for a simple separation and 
quantification of cellulose esters from cellulose itself. 

15 Table 1 . Separation of Surface-derivatized CeUuIose Oleate from CeUuIose 

Ap,ge|lulosei,spd AOlt. CO Uge^ Amt. celimnse riH>nv Amt. CO reni;.minp 
^-^i 0.50 g 0.46 g (92%) 0.41g(82%) 



10 



25 



30 



Hydrophobicity Measurements. For a relative measurement of hydropho- 
bicity, samples of cellulose and cellulose oleate prepared by tn»tment whh oleic and 
with oleoyl chloride were compressed into smaU pellets and subjected to analysis by 
the Dynamic Contact Angle method. This procedure determines the angle of contact a 
drop of water (or odjcr fluid) makes with the pellet surface. The "contact angle" is 
the interior angle formed by a tangent to the water droplet (where u meets the pellet) 
and the pellet surfece. Using this method, die contact angle for ceUulose itself is 
clearly smaller than that for eidier of the surfece-derivatized materials. This can be 
attributed to die hydrophilic nanire of ceUulose. whkdi causes the water droplet to 
spread: the surface tension for cellulose is greater than that for the ceUulose oleate 
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samples. Tighter droplet formation is observed for these materials. The contaa angle 
for cellulose oleate prepared from the acid chloride is greatest, perhaps due to a higher 
derivatization of the carbohydrate's surface with oleic acid. The contact angle for 
water on native ceUulose is typically 38". and its drop width is typically 5.84 mm. 
For cellulose oleate derived from cellulose and oleic acid, the contact angle is 
typically 56°. and the drop width is 5.02 mm. For cellulose oleate derived from 
cellulose and oleoyl chloride, the contact angle is 79.9°, and the drop width is 4.14 
mm. 

Example 2 



Cookies having cellulose esters of the invention in replacement of the flour 
ingredient are prepared and characterized in diis Example, and compared widi cookies 
prepared with commercially available cellulose acetate and cellulose butyrate. 
15 Stage I. NFDM (nonfat dry milk powder) 2.25 g 

salt 2.81 g 

soda (sodium bicarbonate) 2.25 g 

FGS (sucrose) 94 5 g 

fat (Cenarasoy® shortening) 90.0 g 

20 Stage 2. ammonium carbonate (ABC) 1.13 g 

HFCS (high fructose corn syrup) 3.38 g 

water 49 5 g 

Stage 3. flour or flour substiniie blend 225.0 g 

25 Mbang Procedure. Blend dry ingredients (NFDM, salt, soda, FGS). Add to 

fat. Mix at low speed for three minutes, scraping the bowl sides and paddle every 30 
seconds. Dissolve ABC in up water. Add solution to HFCS, and add total solution 
to the mix. Blend at low speed for one minute and at medium speed fbr two minutes, 
scraping the paddle and bowl sides every 30 seconds. Add flour (or flour substimie 

30 blend) to the mix and blend at low speed for an additional two minutes, scraping the 
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bowl every 30 seconds. The amount of flour (or flour substitute blend) and water in 
the mix may vary with the water content of the flour or flour substimie blend. 

Baking Procedure. Preheat oven to 400«F. and record the weight of the cookie 
f sheet (cold and hot). Portion four 60 g pieces of dough with minimum deformation 
and place on the cookie sheet. Uy a rolling pin across die gauge bars of teh sheet, 
aUowing the weight of the pin to compress the dough pieces widiout additional 
compressive force. Roll the dough only once. Cut the cookies with a 60 mm cutter, 
carefully lifting up die scrap dough with a small spamla. Lift cutter straight up from 
the dough. Record the weight of the dough blanks and cookie sheet. Bake at 400»F 
for the prescribed baketime (typically 10.5 minutes). Weigh the cookie sheet widi the 
cookies immediately upon removal from the oven and carefully remove die cookies 
widi a flat spanila. 

15 Baking Results. Compared to a Climax® flour control, cookies made with 

cellulose powder, at a 25% replacemem of flour, were smaller in diameter; stack 
height and raoismre content increased as well (see Table 2). These cookies had a 
higher shoulder, and the top diameter was larger than the bottom diameter. RoUing 
sleeve lines were also visible on die cookie surface. The color was paler, and no 

20 browning developed. Oil-out was also diminished from die control. 

Widi surface-derivatized cellulose oleate (DS < 0.01) at 25% replacement of 
flour, the dough was slightly more viscous tiian the Clhnax* control, while 
machinability and stickiness were comparable to control. The stack height, spread, 
25 and moisture content were between diose for the conorol and the "cellulose cookie". 
OU-out was similar to the Climax® control. While die color was paler than for die 
control, die surface characteristics were quite similar to die control ' s. 



30 



Cookies baked widt cellulose butyrate at 25% of flour replacement were also 
prepared for conaparison purposes. With Uiis less hydrophobic ingredient die stack 
height and moismre increased from die ceUulose oleate cookie, and the diameter 
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decreascd. Color was pale, though oiJ-oui appeared the same as with cellulose oleate. 
Dough viscosity was higher. The viscosity order for the dough was 100% Climax* 
(110 g) > 25% cellulose oleate (16i g) > 25% cellulose butyrate (222 g) > 25% 
cellulose (432 g). 

5 

Table 2. Baking Resnlts for Cookies Made witli Cellulose Flour Replacers. 
Increasing dough viscosity (g force) - - > 
110 161 222 432 

Decreasing average diameter (cm, for 4 cookies) - - > 
33.3 30.5 27.8 26.3 

Increasing stack height <cra, for 4 cookies) - - > 
3.7 4.6 5.3 5.5 

Increasing moisture content (%) - - > 
4.31 5.84 7.10 7.87 
Climax Cell Oleate Cell Biavrate Cellulose 



15 
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35 



Another experiment compared cellulose oleate, cellulose butyrate, and 
cellulose aceiate/butyrate with cellulose powder as a 25% flour replacement and a 
100% Climax® flour control yieWed similar relative results: 

Table 3. Comparison of CeUulose Esters as Flour Replacers. 



viscoiin, cp wm. cm length, cm height, cm moisture. % 



ceUuIose Oleate 161 30.4 30.6 4 6 5 84 

cellulose butyrate 222 27.6 28.0 5 3 710 

cellulose swarate 360 30.0 30 7 42 r'qo 

40 cellulose powder 432 25.9 26 7 5 5 7 87 

cellulose acetate/butyrate 89 36 0 35 2 3 2 2 31 

conventional flour 112 34.1 34^4 3 6 4 44 
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The results show that cellulose esters with a low degree of substitution (/.e.. 
DS = 0.0058, or about 1% by weight) are useful as bulking agents and as flour 
replacemenis in cookies. The ftinciionality of the novel ingredients is very acceptable, 

5 It was also observed that cookies made from cellulose pahnitate, prepared 

from the reacUon of micro-crystalline ceUulose (e.g,, FMC's Avice!®) with palmitic 
add using the procedure described above, resembled the control cookies more than 
those made with cellulose esters produced from powdered cellulose. This is likely due 
to the more highly crysiallme nature of Avicei®. 
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Example 3 

This example illustrates the use of cellulose of the invention as a low calorie 
starch substitute in several varieties of cookies. 

Vanilla Wafer Cookies are prepared by combining 



and 

with 



Example 1 Cellulose Oleate 20. 


.0 parts 


Flour 


20.0 pans 


Centraspy*^ Shortening 


13.0 parts. 


Sugar (lOX) 


28.0 parts. 


Frozen Whole Eggs 


6.0 parts. 


High Fructose Com Syrup 


4.0 parts. 


Salt 


0 J pan. 


Vanilla 


0.3 part. 


Sodium Bicarbonate 


0.3 pan. 


Sodium Aluminum Phosphate 


0.1 pan. 


Ammonium Bicarbonate 


0.1 pan. 


Water 


7.5 parts. 



The ingredients are mixed weU to form a dough which is aerated, deposited onto a 
30 baking sur£ace. and baked. 
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Regular OioatUae Chip Cookies are prepared by combining 

Plow 11.0 pans. 

Example 1 Cellulose Oleate 11.0 pans, 

5 and Soybean OU 20.0 pans. 

To diis is added Salt o.7 pan. 

Sodium Bicarbonate o. 1 part, 

Monocalcium Phosphate 0.1 pan, 

VanUlin 0.1 pan. 

10 and Water 8.0 parts. 
The ingredients are mixed well. 

Sugar 30.0 pans 
is added and mixed until dispersed, and then 

Chocolate Chips 19.0 pans 
15 are added mixed until just blended. The dough is deposited and baked. 

Chewy Oiocolate Chip Cookies are prepared by combining 

Sugar 24.3 pans, 

Invert Sugar 20.0 parts. 

20 Example 1 Cellulose Oleate 13.7 parts. 

3nd Centrasoy® Shonening 13.0 parts. 

To this is added Frozen Whole Eggs 12.0 parts. 

Sodium Bicarbonate 0.1 pan, 

Monocalcium Phosphate 0. 1 pan, 

23 Vanillin O.lpan, 

and Water 7.7 p,^^ 

After mixing. Chocolate Chips 19.0 pans, 



are added until just dispersed, and the dough is deposited and baked. 
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Sandwich Cookies are prepared by combining and mixing well 



5 



Flour 


36.0 pans. 


Example 1 Cellulose Oleate 


12,0 pans. 


High Fructose Com Syrup 


12.0 pans. 


Soybean Oil 


10.0 parts. 


Ducched Cocoa 


5.0 pans. 


Corn Syrup, 42 D.E. 


3.0 parts. 


Dextrose 


2.0 parts. 


Frozen Whole Eggs 


2.0 pans. 


Salt 


0.3 pan. 


Sodium Bicarbonate 


0.2 pan. 


Lecithin 


0.2 pan, 


Vanilla 


0.2 pan. 


Ammonium Bicarbonate 


0.1 pan, 


Water 


7.0 parts. 



The dough is deposited on baking pans with a rotary mold, baked, and cooled to form 
basecakes. These are sandwiched, at a weight ratio of 75% basecake, 25% filler, with 
a filler prepared by meking 37.0 parts Centrasoy® shortening, adding 62.7 parts lOX 
sugar and 0.3 parts vanillin, mixing, aerating, and cooling. 

20 

Example 4 

This example illustrates the preparation of a surface-modified cellulose and 
then using it to prepare soft, chewy chocolate chip cookies. 

25 

The surface-modified cellulose was prepared as follows: 150 grams of 
powdered cellulose BH-300 was added to a magnetically stirred solution of 7.5 
grams of stearic acid flakes in 1000 mL of chloroform. The mixture was stirred for 
five hours, after which the solvent was removed by rotary evaporation. The 
30 powdered product was air-dried for 12 hours before use as a baking ingredient. 
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The cookies were prepared by mixing the following ingredients in the 
following stages. 



Stage 1. 

5 NFDM (nonfat dry milk powder) 5 .OOg 

Eggalbmnen 3.13g 

Instant com starch 16.25g 

Salt 3.13g 

soda (sodium bicarbonate) 8 .9 1 g 

10 Stage 2. 

Salatrira shortening 50.00g 

vanilla extract 5 OOg 

70% polydextrose 147.50g 

molasses 16.88g 

15 liquid fructose 69.38g 

panodanrsdk 3.75g 
Stage 3. 

Water lO.OOg 

Surface-modified cellulose 62.50g 
20 Stage 4. 

FGS (sugar) 37.50g 

sodium aluminum phosphate l.S6g 

bleached pastry flour 187,50g 
Stages. 

25 Salatrim chocolate drops ISO.OOg 



Mixing Procedure. 

Mix ingredients for Stage 1 together at low speed for 1 minute. Blend in the 
Stage 2 ingredients at low speed for one minute, then at high speed for 4 minutes. Add 
Stage 3 ingredients and mix at medium speed for three minutes, followed by addition 
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of Stage 4 elements, blending at low speed for four minutes. Finally, add the Salatrim 
drops, mixing at low speed for 10 seconds. 

Baking Procedure. 

5 Preheat the oven to 400T. Place approximately 13.5g pieces on a cookie 

sheet and bake ac 400*^ for seven minutes. 

The papers and patents cited above are hereby incorporated herein in their 
entireties by reference. 

10 

The above description is for the purpose of leaching the person of ordinary 
skill in the an how to practice the present invention, and it is not intended to detail ail 
those obvious modifications and variations of it which will became apparent to the 
skilled worker upon reading the description. It is intended, however, that all such 
15 obvious modifications and variations be included within the scope of the present 
invention, which is defined by the following claims. The claims are meant to cover 
the claimed components and steps in any sequence that is effective to meet the 
objectives there intended, unless the context specifically indicates the contrary. 
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CLAIMS 

1 . An edible composition comprising cellulose surface coated and /or acylated with 
C2 to C24 aliphatic acids, wherein at least about 50% of the cellulose exhibit a degree 
of substitution of about 0.05 or less. 

2. A composition according to claim 1 wherein the degree of substitution is about 
0.01 or less. 

3. A composition according to claim i wherein the acids are prhnarily Cg to C22 
acids. 

4. A composition according to claim 3 wherein at least about 60% of the acids are 
C|6 to C20 acids. 

5. A composition according to claim 1 which delivers less than about 0.5 
kcal/gram. 

6. A composition according to claim 1 wherein the cellulose is coated widi stearic 
acid. 

7. An edible product having a carbohydrate component comprising the composition 
of claim 1 in at least panial replacement of the carbohydrate component. 

8. An edible composition comprising cellulose surface coated and/or acylated with 
Cft to C24 aliphatic acids, having a degree of substitution of about 0.05 or less. 

9. A composition according to claim 8 wherein the degree of substitution is about 
0.01 or less. 
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10. A composition according to claim 8 wherein at least about 60% of the acids are 
Ct6 to C20 acids. 

IL A composition according to claim 10 wherein the acids comprise saturated 
acids. 

12. A composition according to claim 8 which delivers less than about 0.5 
kcal/gram. 

13. A food product having a carbohydrate component comprising the composition 
of claim 8 in at least partial replacement of the carbohydrate component. 

14. A food product according to claim 13 comprising a cookie, 

15. A food product according to claim 14 wherein the cookie fiirdier comprises an 
artificial sweetener* and reduced fat or a low calorie fat substimie. 

16. A food product according to claim 14 wherein the cookie ftirther comprises a 
spreading ingredient. 

17. A food product according to claim /wherein the cellulose is coated with stearic 
acid. 

18. A food product according to claim 16 wherein said spreading ingredient is 
polydextrose. 

19. A method for reducing the calories in an edible composition having a carbohy- 
drate ingredient comprising replacing at least a portion of the carbohydrate 
ingredient with cellulose coated and/or acylated with Q to C24 aliphatic acids, and 
having a degree of substitution of about 0.05 or less. 
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20. A method according to claim 19 wlierein at least about 25% of the carbohydrate 
ingredient is replaced. 

2L A method according to claim 19 wherein the cellulose is acylated with C6 to C22 
aliphatic acids, and has a degree of substitution of about 0.01 or less. 



22. A method according to claim 21 wherein the acids comprise saturated acids. 



